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Abstract 
The aim of this study is to apply a worksheet about the concepts of physical and chemical change and evaluate its results. Case
study research methodology was used in this study. The sample consists of total 94 junior students from two classes of Primary 
Science Education Department in Fatih Faculty of Education at Karadeniz Technical University. This study was implemented in 
General Chemistry Laboratory-II as a routine course period with two hours for each class in 2008-2009 Spring Term. A 
worksheet with five phased about physical and chemical change of matter was developed and delivered to each student in the 
groups. After finishing the activity, the students’ worksheets were collected and analyzed.  
Keywords: Physical and chemical change; conceptual learning; worksheet. 
1. Introduction 
The subject of physical and chemical change has a critical role on making sense of students’ external world. So 
the students use these concepts to explain many situations in daily life (Atasoy at. al., 2007).The subject of chemical 
and physical change was studied by a lot of researchers because of not being differentiated between them (Johnson, 
2000; Johnson, 2002; KabapÕnar and Adik, 2005; Ardac and Akaygun, 2005; Atasoy at al., 2007; Cokelez at al., 
2008), and also the change of feature of matter not being observable in most case or changes such as color, smell 
being thought as physical change (KabapÕnar and Adik, 2005). The students usually fail to understand particular and 
vacuolar nature. Therefore, the students have some misconceptions in the subject of physical and chemical change 
(Atasoy vd., 2007). They use daily life experiences in their explanations (Crespo and Pozo, 2004), and they have 
difficulties to understand and accept the concepts contradicted with their daily life perceptions (Atasoy vd., 2007).  
Mostly, students use the reversible concept to explain the physical change and chemical change without 
interrogating (Gönen at al., 2005; KabapÕnar  and  Adik, 2005). One who accept basically two different changes 
occurring in matter by using their observations on out-world, face to difficulty of differentiating these changes. In 
this phase primary duty of science education helps the individual by providing correct preconceptions and affective 
learning environment (Atasoy vd., 2007). When viewing to the ongoing instructional program and related textbooks 
in our country, it was seen that how chemical bonds formed and its kinds probed with examples of them. Ever than, 
* Zeynep Bak Kibar. Tel.: 0462 377 7254 
E-mail address: zeynepbak@gmail.com 
733 738
1877-0428 © 2010 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2010.03.093 
© 2010 Elsevier Ltd. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
734  Zeynep Bak Kibar and Alipas¸a Ayas / Procedia Social and Behavioral Sciences 2 (2010) 733–738 
a systematical teaching-learning devoted to identify and classify the changes in matter has not done in the chemistry 
curriculum (KabapÕnar and Adik, 2005).  
    It is known that most of the students at all grades of the teaching-learning do not have enough apprehension about 
behaviors of matter. Most students do not have enough understanding about the chemical behaviors of the matters 
(Solsona at al., 2003) when graduating from high school and university. Therefore, increasing the studies in direct of 
the students’ understandings related to the basic concepts is important for determining their understanding and 
developing appropriate materials to them (Demircio÷lu at al., 2001).  
It is important to provide effective learning environments to students for becoming distant rote learning and 
constructing permanent and efficient learning (Bak 2004; Bak and Ayas, 2008; Kete at al., 2009). Therefore, in 
teaching-learning environment various materials have in order the students to learn. And one of them is worksheets 
in terms of showing the students what they do in activities and how they do in teaching process of any subject with 
these materials (Saka, 2001; Kurt, 2002). 
 Related literature mention that worksheets are important for increasing the efficiency in learning environment 
(Saka and Akdeniz, 2001; Güler at al., 2002; ùahin and AyvacÕ, 2006; Karadeniz, 2006; Demircio÷lu and Atasoy, 
2006), and also simplify the concepts for the students to construct in their minds (Demircio÷lu and Demircio÷lu, 
2006). Besides, more focused on conceptual learning require the use of well designed equipments and materials such 
as worksheets (ÇakÕr and Cerrah, 2006). Therefore, we designed and implemented a worksheet about chemical and 
physical changes by making use of Multiple Intelligences Theory activities at assessment phase to determine how 
students understand this process and how they apply what they have learned.  
The aim of this study is to apply a worksheet about physical and chemical change concepts and evaluate its 
results.
2. Method 
     A case study research methodology was used in this study. The sample consists of 94 junior students from two 
classes (one consists of 50 students and the other 44 students) of Primary Science Education department in Fatih 
Faculty of Education at Karadeniz Technical University. This study was implemented in General Chemistry 
Laboratory-II as a routine course period with two hours weekly for each class in 2008-2009 Spring Term. Each class 
was divided into half in number and the activity was applied during one lesson hour. The students from each class 
formed 5 or 6 groups to work with each other. Then a worksheet was developed about physical and chemical change 
of matter and delivered to each student in the groups. Firstly, the students were asked to discuss the focus question at 
the top of the worksheet and then do the experiment. At the second part, the students were asked to do preparing 
phase. And then they do the experiment phase. During this process, they did the experiment and observed the 
changes of matter structure. After they completed this phase, they were to answer 3 questions on their worksheets 
and explain the cause of them individually about physical and chemical changes in the assessment process. This 
question with two pictures which one of them was about breaking the egg and the other was about cooking the egg.
This application went on one hour. After finishing the activity, the students’ worksheets were collected by the 
researchers. And then their worksheets were analyzed according to their replies to first focus question, preparing 
phase, operation steps, and assessment phase.
 The students’ answers to the three questions at the assessment phase were analyzed according to several 
categories except authentic assessment. These categories developed by utilizing the Abraham at all. (1992)’ study. 
These categories for the first question are Sound Understanding (SU), Partial Understanding (PU), Partial 
Understanding with misunderstanding (PUSM), No Understanding (NU), and for the other two questions are True 
Choice- True Cause (TCTC), True Choice-partial True Cause (TCPC), True Choice-Partial True Cause with 
Misunderstanding (TCPCM), True Choice-Wrong Cause with misunderstanding (TCWCM), True Choice- No 
understanding (TCNU), True Choice-empty(TCE), wrong choice-true cause (WCTC), Wrong Choice-Wrong Cause 
with misunderstanding (WCWC), wrong Choice-empty (WCE). The students’ understandings were presented as 
frequency of these categories at table 1 and table 2 in the section of findings and discussion. 
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3. Findings and Discussion 
3.1. Findings and Discussions from Analysis of Students’ Worksheets  
All students answered the focus question correctly and this question with two pictures one of them is about 
breaking the egg and the other is about cooking the egg. They were aware of this discrimination and they explained 
this situation with changes of matter structure. The first picture was physical change according to the students 
because of being reversible and the other one is chemical change because of being non reversible situation. While all 
students’ observations on their worksheets were being analyzed, they explained successfully the liquefying of the 
naphthalene and solidifying of it when cooling as a physical change. As looked at the other activity which is burning 
the sugar, the students mostly explained this event as a chemical change but they said the sugar liquefying. In 
particularly, while heating the sugar it liquefies until 40 oC, and then it burns. So the students could be thought the 
sugar liquefied while heating. These types of explanations could stem from their daily life experiences and 
observable events at macro dimensions. This situation was supported with related literature (Demircio÷lu at al., 
2001). Teaching them the concept of irreversibility to explain physical and chemical changes could cause 
misapplications for the students as stated in the literature (Johnson, 2000). Because this is not valid in some cases to 
decide that an event is chemical or physical change. 
The students implemented the other experimental activity which natrium bicarbonate dissolved in the water and 
the reaction of natrium bicarbonate with hydrogen chloride. As looked at the students’ observations at operation 
steps on worksheets, they could explain that these two events were chemical change because of going out of gas 
bubbles. 13 students of 94 said this event was physical change because of natrium bicarbonate dissolution in water.  
When analyzing the related assessment questions, a contradiction was observed at explaining the basic 
differences between activities carried out at operation steps. In the explanations; some students indicated that the 
dissolution of bicarbonate in water was physical change because of being dissolution event. Looking at the students’ 
answers of PUSM category as seen table 1, they were said that this event was physical change because of being 
dissolution event. This situation could be stemmed from using always dissolution of natrium chloride in water and 
lecturing this event was physical change in chemistry courses. Therefore, they also thought that the entire 
dissolution events were physical change.  And, also some students explained the event of burning sugar as a physical 
change due to being liquefied at the beginning stage. The analyses of students’ answers to related question 1 are 
seen at following table 1. 
Table 1. Analysis of assessment question 1 on the worksheet
SU PU PUSM NU 
Question  Classes f f f f 
1A 20 0 22 2 1. 
1B 44 2 4 0 
At the second question related to a picture of drying paint, some students from two classes as seen at WCWC 
category at table 2 identified this event as a physical change. They mentioned in their explanations that any change 
did not occur in the matter structure, so this was physical change. Also, they answered correctly and gave true 
explanations related to the other picture of growing mellow of a fruit.  
Table 2. Analysis of the other assessments questions on the worksheet
TCTC TCPC TCPCM TCWCM TCNU TCE WCTC WCWCM WCE 
Q C f f f f f f f f f 
1A 17 0 0 1 0 5 0 14 6 2.a 





















1A 0 0 2 41 0 1 0 0 0 3.a 
  1B 4 0 0 46 0 0 0 0 0 
1A 38 0 1 0 0 0 2 3 0 b. 
1B 46 2 0 0 0 2 0 0 0 
Q: questions, C: Classes 
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 At the third question of dissolution of natrium chloride in water and decomposing the natrium chloride to its 
components, the students expressed dissolution natrium chloride in water as physical change because of being a 
dissolution event.  This situation was supported with their observation related to the dissolution of the natrium 
bicarbonate in water at the operation step. They mostly explained with causes the other equation with decomposing 
of natrium chloride as a chemical change correctly as seen table 2.
3.2. Findings and Discussion from Informal Observations  
The students were observed informally during the application of the worksheet about chemical and physical 
changes.  The students worked with groups’ partners during application of activity.  
 At the first phase, the students were asked to explain with causes individually the pictures related to egg broken 
and cooked. Mostly, all of the students answered these events correctly using the explanation of change in internal 
and external structure of matter. This classical explanation was not surprised because they were lectured chemical 
and physical change in this way at previous chemistry courses. But this explanation was not always valid. Because 
related literature from KabapÕnar and Adik (2005) mentioned that this explanation could cause misunderstandings in 
the manner which scientific meaning of matter and feature words was not perceived or did not have enough 
knowledge about features of changed matter. A few students explained this event with the concept of reversible. 
 At the second preparing phase, they were asked to set the experiment and prepare the solutions at required 
concentration and volume.  All the students worked with group partners in this phase, and they had some difficulties 
with preparing the solution at required concentration and especially at calculating the required amount of hydrogen 
chloride solution. However, they learned preparing the solutions at required concentration and volume at the 
beginning of Spring term. This situation showed that their learning was superficial and rote and they did not apply 
what they learned in different ways. Also, after calculating the required amount for the solution, they were asked to 
prepare the solution using appropriate laboratory equipments. Although all the equipments were introduced them, 
they still had difficulties with using the appropriate equipments, taking required amount of solution and reading the 
volume of the solution in the graduated cylinder.  
 At the third phase of operation steps, the students did the experiment related to the chemical and physical change 
events. They did four activities in this phase and observed these events, and then answered the questions about their 
observations on the worksheets at operation steps. It was observed that the students explained successfully the 
heating and cooling the naphthalene because they were familiar this event previous chemistry courses. But they had 
some difficulties to explain the burning the sugar, dissolution natrium bicarbonate in water and reaction with 
natrium bicarbonate and hydrogen chloride. During this application it was observed that some students identified the 
burning sugar as physical change at beginning while heating, and then they said this event was chemical change 
when they saw the black remnant at the end, and arising gas. They explained this event using the change at the 
internal structure of matter. As they mentioned that they saw the liquefying of sugar at the beginning caused such an 
explanation. Also, they indicated this event as a chemical change but some students used “to become solid” concept 
in their explanations while the burned sugar cooling. The cause of this could be that the students tried to explain 
these events by rote and without questioning. Also, the students used these concepts with in daily life meaning. 
These situations were supported with related literature (Demircio÷lu at al., 2001; KabapÕnar and Adik, 2005; Atasoy 
at al., 2007). Also, while the students was doing the experiments of dissolution of hydrogen bicarbonate in water and 
reaction of hydrogen chloride with natrium bicarbonate, it was seen that almost all the students identified dissolution 
of natrium bicarbonate into the water as a physical change because they thought this event was dissolution. 
However, this event was a chemical change due to releasing the gas from it. But observable dimension of this 
reaction accrues slowly. The other reaction was explained as a chemical change by all the students because of 
releasing of the gas. Therefore, it could be said that the students explained these events by using observable changes 
and their rote learning from previous courses.  
 At the fifth phase, it was observed that the students frequently explained correctly the differences between the 
experiments at the operation step. While they were answering the other questions with picture of drying the paint
and growing mellow of a fruit, they mostly explained the drying paint as a physical change because of thinking it 
that there was not any changes its internal structure from their explanations. They explained correctly the picture of 
growing mellow of the fruit as a chemical change by using their daily life experiences. It was observed at the other 
question of equations with dissolution of natrium chloride in water and decomposing the natrium chloride to its 
components, the students expressed dissolution natrium chloride in water as physical change because of being a 
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dissolution event. They mostly explained with causes the other equation with decomposing of natrium chloride to its 
components as a chemical change correctly. 
 Then the students were asked to reflect on their worksheets what they learnt about the chemical and physical 
change with using the choices being offered. When the students saw these assessment phase, they hesitated to do it 
at the beginning. They said how to do that, and some of them told this was redundant, some of the students said that 
this resembled the performance tasks. So they were encourage to be able this task by saying that this part was 
important for their laboratory reports. Then, it was seen that they tried to do that. This process took more time than 
other activities. But when looked at their explanations on the worksheets, they could form various activities related 
to the chemical and physical change among the choices. They liked what they constructed from their expressions.  
4. Conclusion and Recommendation 
Conclusions of this study from the application of the worksheets about chemical and physical changes were 
presented in this section.  
 It could be said that the students mostly used macro dimension from their observations to explain the chemical 
and physical changes in this study, and could not explain this changes at micro dimension. As stated in related 
literature (Solsona at al., 2003;), they commonly used their experiences  from daily life (Crespo and Pozo, 2004) or 
previous courses to explain these observable changes. 
 It was showed that the students could identify the chemical and physical changes which they were familiar with 
previous courses or experiences but they could not use scientific explanations at micro dimension of the events in 
the direction of why it was chemical or physical changes. Therefore, teaching-learning activities based on 
conceptual learning should be designed according to macro, micro and symbolic levels. Learning and teaching 
activities at macro level should be supported with explanations at micro level. Also, it was showed that it was 
important to use macro, micro and symbolic dimensions of conceptual teaching and appropriate materials to these 
factors in teaching-learning environment. This type of laboratory activities should be designed and implemented 
because of being important for the students to construct their knowledge, and to provide them more student-centered 
activities. 
 It could be said from informal observation and their worksheets that dissolution event was always accepted as a 
physical change by the students due to being given the dissolution of natrium chloride in water as a common 
example in textbooks, previous chemistry courses. So, it should be mentioned in chemistry courses related to subject 
that every dissolution event is not chemical or physical change and given different examples from daily life by the 
teachers. Also, the students should be asked to form activities related to what they learn.   
 Also, the students had difficulties with preparing the solutions at required concentration and volume showed that 
these types of skills could not develop although they prepared the solutions at required concentration and volume in 
previous experiments at the beginning of term. These skills are important for the students both to use laboratory 
effectively for later their teaching life and to gain content knowledge. So, these types of activities should be 
provided to the students. 
 It could be said from this study that the students could form original products when they encouraged reflecting in 
different ways what they learned. Therefore, this type of activities should be given place more, especially at the 
assessment phase.  
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